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Abstract 
The use of bio-fuel as an automotive fuel is expanding around the world. However, the impact of bio-fuel on efficiency and 
emissions under different operating conditions are not well understood. This study investigates the impact of low concentration 
bio-fuel blends on the fuel consumption and acceleration of an in-house built four wheeler light weight vehicle. Methanol based 
fuels were blended with octane at proportions of 5, 10, and 15% by volume. Acceleration tests were performed; fuel consumption 
was determined, in order to assess the performance of the vehicle under real-world driving cycles and varying loading conditions. 
All measurements were conducted over a customized driving cycle. The results show lower consumption of fuel consisting 
higher concentration of methanol. However the blending of bio-fuel slightly increases the acceleration of pure octane. Properties 
of the different blends including heating value and viscosity are experimentally measured to identify the causes of these findings. 
Furthermore, the adequacy of the structural design was evaluated using a computer model of the vehicle. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
1.1. Overview 
Recent hike in energy cost and demand around the globe has led to a renewed interest in alternative fuel-based 
efficient vehicle design. As a result, the auto industry has focused on the lightweight vehicle designs that are suitable 
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for the unique driving patterns of city commuters. These vehicles are specially designed for short distance and low 
occupancy driving conditions. Responding to ever more stringent environmental restrictions, newer models are not 
only fuel efficient but also less dependent on fossil fuel. Vehicles running on ethanol or synthetic liquid fuels (based 
on natural gas, coal and biomass) may compensate the high cost of fossil fuels. In the current article we present data 
on the optimum fossil-bio fuel ratio for various applications.  
 
1.2. Objectives 
This report provides a compact system of making a low fuel consuming car and outlines of future prospects of 
light-weight vehicles. Based on the tested data, an evaluation of the light-weight vehicles and fuel options is carried 
out to summarize possible future solutions. The focus of this report is on advanced fuel and advanced vehicle 
technologies. To do that some basic performance criteria such as pickup and fuel consumption with characteristics 
weight variation for different fuels are analyzed in this paper. This report also contains the analysis of fuel 
consumption with various numbers of stops, acceleration and instantaneous speed. Braking distance of the car is 
studied experimentally .These kinds of data can help to build a fuel efficient traffic control system. On the other 
hand bio-fuels (blend of methanol and gasoline) as well as simple gasoline are analyzed here by their corresponding 
heating value (HHV, LHV), viscosity, density and fuel economy. This makes cost comparisons for alternative 
technologies very difficult, as the targets are moving constantly. Only very recently there was considerable 
excitement about bio-fuels. Now a backlash can be seen, with increasing concerns about the sustainability of 
producing large amounts of conventional bio-fuels (i.e., methanol, ethanol and biodiesel).Although blends of ethanol 
possesses a good prospect till now.  
 
2. Test utensils and consideration used in the study 
2.1. Test vehicle 
This report represents performance test of a model light-weight passenger car as shown in Fig.9 and its design 
that was made under the project competition named ECORUN BANGLADESH 2013 a fuel efficient car design 
contest. The target was to achieve minimum weight which would eventually result better fuel economy was done 
using optimum designing. The car has two passenger capacities and powered by a 100cc engine. For optimum 
designing, all structural simulation was performed in ANSYS platform whereas flow simulation helped to get 
aerodynamic body shape. 
 
2.2. Test fuels 
Table 1 summarizes the physical properties of the liquid test fuels used in this study. The baseline gasoline used 
was Octane whereas the alcohol blends were prepared using 5% methanol (M05), 10% methanol (M10) and 15% 
methanol (M15) by volume. All the fuel properties given were tested in the laboratory. For calculating the HHV and 
LLV, ASTM-D240 method is followed. For calculating the density ASTM D6822-12b method is followed. 
Viscosity is measured by using ASTM D2501-11 method.  
 
Table 1. Liquid Fuel Properties 
Fuel Name LHV (MJ/kg.) HHV (MJ/kg.) Density(kg/m3) Viscosity(mm2/sec) 
Octane  44.58 48.05 703 0.69 
M05 43.34 46.78 707 0.689 
M10 42.12 45.53 711 0.686 
M15 41.0 44.27 716 0.66 
 
2.3. Test condition 
A cruse speed was maintained during taking the test data for fuel consumption vs. instantaneous speed and 
weight variation. During recording data for different fuels driving patterns was kept similar in every case. For 
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driving pattern data driving conditions were maintained similar to the city streets. A GPS device was used to 
measured velocity and distance traveled. A sophisticated and precise GPS device is set into the car which gives the 
velocity of the car at a certain time. As the data is continuously being recorded in GPS device so it gives a perfect 
value of average cruise speed.  
 
3. The development of model vehicle  
3.1. Design overview 
A smaller sized vehicle has lower rolling friction, lower air drag and can be driven by a down size engine. The 
main objective was to minimize fuel consumption by downsizing the vehicle. The design of the vehicle was done 
with view to achieve minimum possible weight without hampering its strength and stability. Chassis is the one of 
the heavy components of a vehicles and it is the main load bearing component. So selection of material and member 
cross section and optimizing simulation is must for chassis. Some material properties of selected member and 
simulation results are shown in Table 2, Table 3 & Fig.1. CAD drawing was done by using SolidWorks and 
simulation was performed in ANSYS. 
 
Table 2. Material properties and model information 
 
3.2. Findings of simulation 
Table 3. Simulations results 
Name  Type Min Max 
Equivalent Stress VON: von Mises Stress 7663 N/m2 7.3369e+007 N/m2 
Maximum shear stress Maximum Shear Stress 4397.2 N/m2 4.1907e+007 N/m2 
Displacement Resultant Displacement 0 m 9.2751e-004 m 
Factor of Safety Fatigue Tool 1.1853 15 
Factor of Safety Max von Mises Stress 2.9828 15 
 
4. Experimental results and discussion 
4.1. Impacts of acceleration level on vehicle fuel consumption 
As shown in Fig.2 the acceleration of the car is increased here step by step. During this process road, driver, 
weight of the car, distance of travel, fuel used is kept same. Fuel required for completing a constant distance at 
different acceleration is measured. Thus the mileage of the car is calculated by dividing the distance with the fuel 
consumed. By plotting these values on a simple graph it is seen that, as the acceleration goes high, mileage of the car 
is decreasing. 
 
4.2. Impacts of full stops on vehicle fuel consumption 
As shown in Fig.3 the car is drive at different driving conditions and fuel requirements for those driving 
conditions are measured. Here, driving condition is defined through the number of stops and stopping time duration 
for a fixed distance traveled as shown in Table 4. Driving period is incorporated here to get a well enough picture of 
the model car’s fuel consumption in typical driving conditions of Dhaka city as the no. of stops and per stop 
duration is almost similar with the peak & off peak transportation rush of Dhaka. As the values of mileage are 
plotted against different driving conditions, it is seen that mileage is highest at driving condition1, where we use no 
Model 
name Structural Member Material Properties      
Volumetric Properties  
of model 
  Young’s Modulus: 2.0e+11Pa Volume: 0.00211054 m3 
  Poison’s Ratio: 0.3 Density: 7800 kg/m3 
Chassis 25.4mm×25.4mm×1.5mm Density: 7850 kg/m3 Weight: 161.33 N 
  Tensile Yield Strength: 2.5e+8Pa Mass: 16.646 kg 
  Tensile Ultimate Strength: 4.6e+8Pa  
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stoppage. Number of stoppage is gradually increased at driving condition 2, 3, 4. As the number of stoppage and 
stopping time durations are increased, we see a decreasing rate of mileage. 
 
Table 4. Driving pattern information 
Driving Pattern Driving Period No. of stops Per stop duration (sec) 
1 5 am-6 am 0 0 
2 9 am-10 am 3 30 
3 12 pm-2 pm 4 60 
4 5 pm-6 pm 5 90 
5 9 pm-10 pm 1 20 
 
4.3. Impacts of cruise speed on vehicle fuel consumption 
As shown in Fig.4 fuel consumption of the car at different velocity is measured here. Velocity is controlled 
through an accelerator pedal. Different cruse velocity is maintained with the reading of a sophisticated & precise 
GPS speedometer. Amount of fuel required for completing a constant distance with different cruise velocity is 
measured and thus we get the mileage of the car. From this graph it is seen that, fuel efficiency is becoming higher 
with increasing cruise velocity. But it’s not a linear relationship. 
 
4.4. Pick up time of vehicle 
As shown in Fig.5 one of the most important performance characteristics of a car is its pick up time. Pick up time 
of the car is measured through manual system. In manual system a number of people stand according to some 
distance marks on the road with stop watches. As the car is passing by a distance mark, the corresponding person 
records the time by pushing the button of the watch. Then the velocity is calculated from this time and travelling 
distance data.  Plotting the values of velocity and time, it is shown that this car requires 5.9 sec to reach a velocity of 
8.5km/h at a distance of 45m.  
 
4.5. Impacts of weight variation on vehicle fuel consumption.        
As shown in Fig.6 the mileage of the car at different weights is presented here graphically. During the 
experiment, weight of the car is increased step by step by remaining other conditions same such as road, driver, 
travelling distance and fuel. During driving a constant cruise speed was maintained. Fuel consumption of the car 
with different loads for completing a constant distance was measured then. From the graph, it’s very simple to say 
that with the increasing trend of weight, mileage of the car is becoming lower. 
 
4.6. Impacts of different fuels on vehicle fuel consumption 
One of the main objectives of this paper is to make a clear comparison between the fuel consumptions of the car 
with same weight variation using four different fuels.  Four different fuels are octane, M05 (5%methanol), M10 
(10% methanol), M15 (15% methanol). Driving conditions, velocity of the car, distance, weight variation and other 
variables remain same for all fuels. Fuel required for completing same distance with same weight variation, is 
measured. From this data, mileage of the car is calculated and a combined graphical representation of the result is 
shown in Fig.7. From the graph, it is seen that, with same weight variation we get maximum mileage by using M15. 
And the mileage is about 40km/liter octane. And then M10, M05, Octane gives lower mileage respectively. So, from 
this result it can be said that for this car model 15% methanol mixed octane i.e. M15 gives the maximum mileage. 
Thus, mixing methanol with octane improves the fuel efficiency of the car. There are some reasons behind this 
improvement of mileage with methanol mixed fuels-  
x Due to high latent heat of vaporization methanol gives high volumetric efficiency which helps to increase the 
mileage. 
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x Methanol and octane have stoichiometric AF ratio respectively 6.4 and 15.1. So the equivalence ratio for 
methanol is less than octane. As the equivalence ratio is becoming lower fuel conversion efficiency becomes 
higher. That improves the mileage for methanol mixed fuel. 
x Blending Octane Value (BOV) is higher for methanol. This indicates that the mixing methanol with octane 
increases the octane number. So less knocking occurs and efficiency is increased. 
 
4.7. Impact of different fuels on vehicle pick up 
The comparison between pick up times of the car using four different fuels is presented at Fig.8. From this 
graphical representation, we can’t find a perfect gradual pattern or effect of fuel on pick up time. As the graph shows 
that, using fuel M15 the car takes about 6 sec to reach a velocity of 8.7km/h. using octane it requires 5.9 sec to reach 
8.5km/h. So, it can be said that the pick-up time is almost same for both of these fuels. Pick up time for M10 is also 
nearly same to the values of octane and M15. In fact M15 shows slightly improved pick up. But M05 shows a less 
efficient value of pick up time as we see that almost 6.3 sec is required for reaching a velocity of 7.5 km/h using this 
fuel.  Octane has a vapor pressure of 1.72 psi (at 1000 F).On the other hand methanol has vapor pressure of 4.55 psi 
(at 1000 F). During the acceleration, increased amount of octane and methanol comes into intake with a high 
velocity. As the vapor pressure of octane is lower than methanol so some amount of octane remains in liquid form 
which does not burn perfectly, the acceleration is hindered. But methanol hasn’t this type of problem. So the vehicle 
pick up is slightly improved with methanol mixed fuel. 
 
Fig.1. Equivalent stress distribution of vehicle 
chassis under static loading. 
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Fig.2. Fuel consumption vs. acceleration graph. 
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Fig.3. Fuel consumption vs. driving pattern for 
Octane. 
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Fig.4. Fuel consumption vs. velocity graph for 
octane. 
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Fig.5. Velocity vs. time graph (pick up curve). 
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Fig.6.Fuel consumption vs. weight graph. 
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Fig.7. Performance comparison curves for 
Octane, M15,M10 and M05 under various 
vehicle weights. 
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Fig.8. Velocity vs. time curve for various 
mixtures of bio-fuelcompared to pure octane. 
 
 
Fig.9. Model Vehicle. 
 
5. Conclusion 
Through this paper a complete and compact system of developing a low fuel consuming car model and its 
performance evaluation with different fuels is presented. The process represents a reliable technical way to go for 
fuel economic vehicle. Performance evaluation of this car such as impacts of full stops during driving gives a guide 
way for advanced fuel efficient traffic system. Fuel consumption economy for the car with different fuels shows a 
hopeful positive result which means bio-fuel based vehicles can play a vital role in future days of fuel shortage. At 
all optimized design of a car with alternative fuel source and fuel efficient traffic system combination is a perfect 
way for the solution of fuel crisis- this is the key indication of the paper.  
References 
[1] Ferfecki FJ, Sorenson SC. Performance of ethanol blends in gasoline engines. Am SocAgricEng, Trans ASAE, 1983. 
[2] Berg C. Licht FO, World fuel ethanol, analysis and outlook, 2003. 
[3] Ramadhas AS, Jayaraj S, Muraleedharan C. Use of vegetable oils as IC engine fuels—a review. Renew Energy 2004; 29:727–42. 
[4] Edward F.Obert, Internal Combustion Engines, 3rd edition, International Textbook Company. Pennsylvania, 1968.  
